Total

by Perforce

Techniques for Debugging HPC Applications

NIKOLAY PISKUNQTALVIEWSOF TWARE ARCHITECT AUGRZT, ATPE2021



Agenda

A Introduction A MPI, OpenMP, CUDA GPU, and Hybrid Debugging
A Overview of TotalView Features A Reverse Connect/Attach
A TotalView Debugging Solution A Memory Debugging

A General Debugging Features for C, C++, and FortranA Reverse Debugging
A Ul Navigation and Process Control
A Action Points

A HPC Debugging Techniques

o N A TotalView Resources and Documentation
A Examining and Editing Data

A Advanced C++ and Data Debugging A Q&A
A Mixed Language C/C++/Fortran and Python Debugging
A Remote Debugging

2 | TotalViewby Perforce © Perforce Software, Inc. totalview.io



What i1s Debugging and
Why do you need TotalView?



4|

TotalView Features

A Comprehensive C, C++ and Fortran

ThreadWorkers - Process 1, Thread 1.4 (QThread) (Breakpoint) - TotalView 2020 - o x

debugger

File Edit Group Process Thread Action Points Debug Window Help

i Thread > = = a { ReplayEngine

A Multi-process/multithread dynamic

analysis

A Thread specific breakpoints with
individual thread control

A View thread specific stack and date
A View complex data types easily

A MPI, OpenMP, Hybrid and CUDA
debugging

A Convenient remote debugging for HPC

A Integrated Reverse and Memory
debugging

A Mixed LanguagePython C/C++ debuggin
A Script debugging

A Linux, macOS and UNIX
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Jrocesses ... ® | ookup Fileo.. % | Joc.. ® | Jpe.. % Start Page ® | main.cpp ® | _ poll nocancel ® | workercpp % Call Stack *
@ @ @ | - -_ Worker::doWork() Y
— 48 {
Description #P # o
pti 41 goebug( )<<" ker | | "eethread()->currentThreadId(); — Worker::doWork
ThreadWorkers (S3) 1 1]
43 nsrand{worker}; Worker:qgt_static_metacall
B Mixed 1 1] do {
45 mutex.lock(); _ZN11QMetaObjectBactivateEPTQObjectPKS_iPPv
B Breakpoint 1 1] a8 bool deabort = abort;
47 mutex.unlock(); _ZNTQThreadl1setPriorityEMNS_8PriorityE
Worker::doWork 1 1]
| | switch (worker) { tart_thread
worker.cpp#4g 1 1] case 1: S
51 qbebug() =< ' clone
14 1 |52 break; —
) case 2:
B Running i e qoebug() =< '
55 break;
<unknown address=> 1 1] case 3:
57 qbebug() =< '
<unknown address> 1 1] 58 break;
11 1 1 case 4:
. 60 qDebug() =< ' | .
__poll_nocancel 1 3 | |
Local Variables %
=unknown line> 1 3|| Action Points % | Data\View * | Replay Bookmarks * | Command Line * | InputfOutput
Name Type Value
1.2 1 1 1D Type Stop Location Line
Arg nts
13 1 | (IS4 1 : MIA ..Jworker.cpp#49 worker.cpp (line 48)
. this Worker * const 0x022241a0 -> (Worker)
15 1 1]
Block at Line 45
doAbort bool false (0)
loop QEventLoop (Cpague QEventLoop)
o

Process: 1 (2911) ThreadWorkers Thread: 1.4 (0x7f3d414f3700) - Breakpaoint Frame: Werker::doWork File: fhome/bburns/DemosiThreadWorkersiworker.cpp Line: 49 Source Line: 49
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What is TotalView used for?

A More than just a tool to find bugs
A Understand complex code
A Improve code quality
A Collaborate with team members to resolve issues faster

A Shorten development time

A Finds problems and bugs in applications including:
A Program crash or incorrect behavior
A Data issues

A Application memory leaks and errors

A Communication problems between processes and threac
A CUDA application analysis and debugging

A Applications in an automated test and batch environments
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TotalViev@Default Views

1. Processes & Threads
Control View

A Lookup File or Function
A Documents

2. Source View

3. Call Stack View

4. Local Variables View

5. Data View, Command Line
Input/Output

6. Action Points, Replay
Bookmarks
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Process: 1(2985) tx_basic_data Thread: 1.1 (2985) - Stopped Frame: main

(]

File: ome/bburns/Demositv_tests/srcitx_basic_data.cxx Line: 48

Block at Line 48

i int

nullPtr int *

tx_basic_data - Process 1, Thread 1.1 (Stopped) - TotalView 2020 - @ X
File Edit Group Process Thread Action Points Debug Window Help
R ©
— —
Processes & Threads ® | Lookup File or Function * | Documents ¥ | OpenMP Start Page * | t«_basic_data.cxx % Call Stack
= = i
@ @ @ | L - } mystruct; A\
Description #P #T “ | Members B
4 simple structz { /|| e
tx_basic_data (S3) 1 1 pl foo[5]; )
a; __libc_start_main
W Stopped 1 1 pl *  dynInts;
T myStruct2; _start
W Stopped 1 1 pll
*statString = "This is a H
main 1 1 pll
main( arge, ** argv)
te_basic_data.cxx#48 1 1 pll a7 {
48 int i = argc;
11 1 1 pL1 49 *nullptr = o}
**dynstrings;
dbl_array[10];
float flt_array[108];
54 {1 =0; 1< 18; i++)
56 dbl_array[i] = 1 * 2.4;
57 fle_array[i] = i * 4.5;
I
[} myStruct.a = 'a';
61 mystruct2.a = 'a';
e——
Data View * | Command Line * | Input/Output | Logger »
Name Type Thread ID Value
[Add New Expression]
Local Variables 3
Name Type Value
Arguments
Action Points % | Replay Bookmarks * argc int 0x00000001 (1)
Iov | Type Stop Loeation argy Sstring ** Ox7Hef7863308 -> OX..

000000000 (0)

OxTffef7863300 -> Ox..
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Process and Threads View

Processes & Threads X | Processes & Threads |
@ @ @ | = = ® @ @ | E =
Description #P #T %  Members Description #P #T *  Members l
¥ b_fork_loop (53) 4 4 pl-4 W te_fork_loop {S3) 4 4 pl-4
w [ Breakpoint 4 4 pl-4 w [ Breakpoint 4 4 pl-4
w [l Breakpoint 4 4 p2.1, pa.1, p3.2, .. w [l Breakpoint 4 4 p2.1, pd.1, p3.2, ...
w b fork_loop.codBe2 4 a 2.1, pdl, p32, . Select process or thread attributes to group by:
Control Group
13 1 1 pl.3
+'| Share Group
21 1 1 p2.1
Hostname
32 1 1 p3.2
+| Process State
41 1 1 pd.1
v | Thread State
v Stopped 4 a8 1.1, p31, pl-2....
u Pe . P P + | Function
¥ _ select_nocancel 2 3 pl-2.2, p2.3 ¥ Source Line
W =unknown line> 2 3 pl-2.2, p2.3 PC
12 1 1 pl.z Action Paint ID
22 1 1 p2.2 Stop Reason
23 1 1 p2.3 Process 1D
¥ snore 3 5 pl.l, p3.1, p4.2,... | Thread ID
¥t fork_loop.cxx6E2 3 5 pll, p3.1, pd.2,... Pracess Held
11 1 1 pll Thread Held
Replay Mod
31 1 1 p3.1 piay iMods
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Source View

Start Page | tx_fork_loop.cxx X
#else
1889 whoops = pthread_create (&new_tid, &attr, ( **)( *y)forker, | *J1local_fork_count);
1@01 whoops = pthread_create (&new_tid, NULL, T *1yforker, | *1local fork_count);
#endif
1893 (whoops)
{
1895 princf(’ e reate fai 1 I I I , whoops, errnaoj;
18846 exit{l1);
i
1008 thread_ptids[total_threads++] = new_tid;
1899 printf 1 f d.xn", | Jgetpid({})), Jnew_tid);
1181 forker (fork_count};
1182 %}
main [ argc, rargv)
1187 {
1188 fork_count = o;
11889 args_ok = 1;
111@ arg_count = 1;
*arg;
pthread_mutexattr_t mattr;
1114 signal (SIGFPE, sig_fpe_handler);
1115 signal (SIGHUF, | (*)¥( }isig_hup_handler);
#ifndef _linux
|
Find: | main - ||| Aa " ) 2 matches
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Call Stack View and Local Variables View

Call Stack * | Local Variables | Lookup File or Function |
Y . Mame Type ‘u'hlue-
¥ Arguments
e b int 0x00000012 (18)
funch " Block at Line 47
funcs c int 0x00000014 (20)
funcA i int 0x00000000 (0}
funcB v v int[20] (int[20])
funcA [0] int 0x00000000 (0)
funcB [1] int 0x00000000 (0
funch, [2] it O 00000000 (0
- [3] int 0x00000000 (0)
— [4] int 0x00000000 (0)
[6] int Oec00000000 (0)
[7] int 0x00000000 (0)
181 int Oec00000000 (00 Lo
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Action Points View

OpenMP % | Action Points *® | Data View ® | Replay Bookmarks ¥ | Command Line % | InputfOutput

[y Type Stop Location Line Function

ol 1 m Process | .J/ReplayEngine_demo.cxx27 ReplayEngine_demo.cxx (line 27) main

v 2 EOEN Group | 4 bytes @ 0x601058 {arraylength)
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Data View, Command Line View and Input/Output View

OpenMP ® | Action Points ® | DataView *® | Replay Bookmarks ¥ | Command Line ¥ | InputfOutput
MName Type Thread ID Value
C it 11 O 00000014 (20)
p int * 11 O Tife8d6baceD -= Ox00000014 (20)
*(p)
" OpenMP % | Action Points ® | DataView ¥ | Replay Bookmarks ® | Command Line ® | InputfQutput
[0 Linux x86_64 Totalview 2020.3.11
(1] Created process 1 (3893), named "ReplayEngine_demo"
Thread 1.1 has appeared
Thread 1.1 hit breakpoint 1 at lipe 27 in "main
[.2] d 3 b 3 l 3 n e ]
Thread 1.1 re
[3] Thread 1.1 hi| OpenMP % | Action Points ¥ | Daia View ® | Replay Bookmarks ¥ | Command Line ¥ | Input/Output
4] Thread 1.1 hi

- dprint Flip this text
c = expepeas | TLIP THIS TEXT

_ Flip some more text

fLIF SOME MORE TEXT

Standard Input: |
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Action Points

Action Points X

Replay Bookmarks X

IDv Type Stop Location Line
i 1 m Process | _.._demo.cio#2b | .o.oxx (line 23
v 2 BN Group | ...058 (amaylength)

Breakpoint

Evaluation Point (Evalpoint)

Watchpoint

Barrier point
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Setting Breakpoints

I
Start Page ® | tx_blocks.cxx . . .
Tloat ©; wSetting action points
nestedStruct ns;
nsaf[2]; 1 _ 1 1
. w Single-click line number
cub . . . .
3 | ot mysub ant x) w Right clicking on the line
a7 X = x*2; 1
o Eidacd number and using the
a0
! context menu
main( argec, **oargv) Cl k | . th
421 w CIICKINGg a line In the source
i;
44 k = o; . .
struchata myStrucArray[1o]; VIeW then SeIeCtIng the
myArray[12]; . .
struchata myStruct; ACtIOﬂ POIﬂtS '> Set
EE] mystruct.x = 18; . .
% mystruct.y = zo; breakpoint menu option
5@ myStruct.b = 777.2;
51 myStruct.ns.a = 2;
52 myStruct.ns.b = falsze;
53 (i =0; 1=3; i++)
E myStruct.nsa[i] = i*z;
55 *charPtr = i crir ;
57 (i=
t 1 OpenMP % | Action Points % | DataView ¥ | Replay Bookmarks * | Command Ling % | InputfOutput
59 | 3
[a]e] k . . -
61 AT 1D Type Stop Location Lire Function
22 ggt: v 1 | IEETE | Process | ..t blocks.cxxa8 t«_blocks.cxx (line 48) main
64 st
- mmyyst: . 2 IEITH  Process | . b blocks.cxS4 tv_blocks.cxx (line 54) main
66 pring
57 - I 3 | IEZXTE Frocess | ..Jtx_blocks.cxx59 tx_blocks.cxx (line 59) main
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Setting Breakpoints

L e——

A Breakpoint>At LocatioX Set Breakpoint

et Barrier

At Location... Cir+B
A If function name, TotalView sets a breakpoint at ~ Create Evaluation Poit...

' ine i i Create Watchpoint...
first executable line in the function ' alchpoin

A Specify function name or line number

Suppress All
Delete All
Load...
Save . . )
-ocation in tx_blocks b4
Save As...
Enter breakpoint expression:
readexpr.ci#119]| -

Examples: 51, drawCircle, circle.cpp#3b, Circle:draw

| Create a pending breakpoint

CREATE BREAKPOINT CANCEL
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Evaluation points

A Use Eval points to :
A Include instructions that stop a process and its relatives
A Test potential fixes or patches for your program

A Include agotofor C or Fortran that transfers control to a
line number in your program

A Execute a TotalView function
A{SG GKS @I fdzSa 27F @&2dzNJ LINP

Create Evaluation Point x

Create Evaluation Point

Evaluate this expression at location:  ix_basic dafa.cxx#48 ¥

it (i == 3){
Sstop|
]

AN} YQa OF NRIl of Sa

Enter an expression, for example: if {i == 20) Estop

Language: C++ -

| CREATE EVALUATION POINT || CANCEL |
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Evaluation points Examples

A Print the value of a variable to the command line
printf  ("The value of result is %d \ n", result);

A Skip some code
goto 63;

A Stop a loop after a certain number of iterations

if(( i % 100)==0){
printf  ("The value of I is%d \'n", 1);
$stop;
}
{SS a!'amwI G1dAIYiISyiiaé Ay ! LIWISYRAE ! 2F GKS ' aSNJI DdZARS F2NJ Y2NB Ay

https://help.totalview.io/current/HTML/index.html#page/TotalView/BuiltinStatments. html#ww1894979
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Watchpoints

A Watchpointsare set on a specific memory location
A Execution is stopped when the value stored in that memory location changes

A A breakpoint stopdeforean instruction executes. A watchpoint sto@iéer an instruction executes
\AclionPaifis| Debug Window  Help

|' Set Breakpoint

Set Barrier
At Location... Cirl+B
Create Evaluation Point...
OpenMP % | Action Points ¥ | DataView % | Replay Bookmarks * | Command Line * | InputfOutput % L Create W&t{:hpﬂlnt... *
Name Type Thread ID Value SUIJFIFEES .IE'|.|| .
myStruct struct simple_st... 1.1 (struct simple_struct) DE'E!LE-‘ A” - L o)
fi int[s] 11 (int[5]) . . -
- - . Create Watchpoint in tx_basic_data X
S - ‘& (061, or 97) f Load...
Dive !
[Add New Expre DV In New Data View [ Save
Dive InAll . . :
: Save As... Enter a variable expression for the watchpoint:
Delete Del
Create Watchpoint k— FI‘}'Etr'JC[.fEIEI:E]l -

Show Statistics

CREATE WATCHPOINT CANCEL
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Barrier Breakpoints

A Used to synchronize a group of threads or processes defined in the action point
A Threads or processes are heldbatrrierpointuntil all threads or processes in the group arrive

A When all threads or processes arrive the barrier is satisfied and the threads or processes are released

File Edit Group Process Thread _ Debug Window Help
Set Breakpoint

{ Group (Control) ] Set Barrier * a { ReplayEngine
|

At Location... Citrl+B

Documents Create Evaluation Point... Start Page ® | tx_fork_loop.cxx %
Create Watchpoint... 7
Open Documents:
P Suppress All
Delete Al ] o3 (lexit_after_create)
Start Page a4 snore {arg);
085 (sleep_before_exit)
' Load...
e 5 oB6E sleep_fTor_seconds (2);
ave o087 pthread_exit (&exit_stat);
Save As. . return ({ ey
1
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Saving Breakpoints

F' ™
Save Breakpoints x
Look in: fhome/bburns/Demositv_tests/ld/gec_4.8.2_64 - .x.’;‘.i?- G @
Name Size Type Date Modifie
@ Computer L
o
t«_arrays. TVD.v4breakpoints 728 bytes  ydpr.. File  1/13/19 5:16
bbums
te_ttf_map. TVD.v4breakpoints 736 bytes  wdbr.. File  1/13/19 1:49
hidden Folder LY 1:08 |
oby Folder 31T 1:05 |
EXE Folder 31T 1:05
I
File name: «_fork_loop TVD.v4breakpoints Save
Files of type: |Saved Breakpoints (*. TVD.v4breakpoints) - Cancel

From the Action Points menu select Save or Save As to save breakpoints
Turn on option to save action points on exit
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Call Stack and Local Variables

= | Call Stack View
v | m A Lists the set of call frames as the
- Name Type Value program calls from one function or
e Arguments method to another
funcA . it 0x00000012 (18) A Filter button used to turn on or off
funcB Block at Line 47 filtering of frames.
funch C ink Ox00000014 (20) ) ]
- i . 0x00000000 (0 Local Variables View
_ | A Displays local variables relative to the
funch ! e e current thread of interest and the
func . " —— selected stack frame
funca a4 — A Organized by arguments and blocks
- a4 2X00006080 (6) A To edit values, add variable to the Data
[3] it O 00000000 (0 V|eW
| S A
_ [4] ink O 00000000 (0
[5] int 0x00000000 (0)
[6] int 0x00000000 (0)
[7] int O Q0000000 (0
81 ik Cee 00000000 (00 LA
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The Data View Panel

Data View allows deeper exploration of data
structures

Edit data values

Cast to new data types

Add data to the Data View using the context
menu or by dragging and dropping

o Po Po I

Local Varables

Name Type Value
argy Fstring ** O Tifd 49514028 -> 0xTiid495f5115 -> "tx_blocks"
Block at Line 5%
i int 0x0000000a (10)
k int 000000064 (100)
Block at Line 44
i int (P ODDAN0AC.IE
AdA to Data View
k int dJ*o Mew Data i
myStrucA...  struct strucDatal... Copy Ctr+C
miyArray int[10] Create Watchpoint
myStruct struct strucData Show Statistics
charPtr Ssiring const * 0x00400a4c -> "This is a string"

Data View 3 | Command Line * | InputfOutput % | Logger *

Local Variables %

Name Type Thread 1D Value

Name

Type

Value

i int 11 000000006 (6)

angy

[Add Mew Expression]

Block at Line 59

Fstring **

O Tifd495f4028 -> OxTiid495f5115 -> "b_blocks"

Frame: main File: mome/bburns/Demosit, -tx_blo x Line: 66
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i int 0x0000000a (10
k int 0x00000064 (100)
EBlock at Line 44
myArray int[10] !"'"1} (int[107)
k int 0x00000000 (0)
myStrucA. .. struct strucDatal...  (struct strucData[10])
myArray int[10] (int[107}
myStruct struct strucData (struct strucData)
charPir Sstring const * Ox00400a4c -> "This is a string”

Context menu

Drag and drop
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The Data View PaneExpanding Arrays and Structures

Select the right arrow to display the substructures in a complex variable

Any nested structures are displayed in the data view

Data View ¥ ‘ Command Line * | InputfCutput * | Logger Data View | Command Line ¥ | Input/Output | Logger *
W Type Thread 1D Valus MName Type Thread ID Walue
fitl array float[10] 11 (float[10]) miyStruct struct simple_st... 1.1 (struct simple_struct)
.
[0] float 11 0 QStruclz struct simple_st... 1.1 (struct simple_structZ)
—
[1] float 11 45 foo int[3] 11 (int[S])
[2] float 11 9 0] int 11 000000000 (0)
[3] float 11 13.5 [1] int 11 000000001 (1)
[4] float 11 18 2] int 11 000000002 (2)
[5] float 11 2.5 [3] int 11 000000003 (3)
[6] float 11 27 [4] int 11 Q00000004 (4)
71 float 11 315 a char 11 ‘"’ (D61, or 97)
181 float 11 36 dynints int* 11 001f2b010 -> Ox00000000 (0)
I91 float 11 405 | | *{dvnints) int 11 (00000000 (0 L
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The Data View Dive In All

A Dive in All

A Use Dive in All to easily see each member of a data structure from an array of structures

29 | TotalViewby Perforce © Perforce Software, Inc. totalview.io



